t 


;N(o_H 


^0^^ 


Bl 


_^->^jf 


A 


/&S/S 


Pamphlets. 

/ 
/ 


Q- 


4* 


', 


Accession  No 



Added 187 

Catalogued  by 

Revised  by 

Memoranda. 


Digitized  by  the  Internet  Archive 

in  2010  with  funding  from 

Boston  Public  Library 


http://www.archive.org/details/scienceasmeansofOOjohn 


[Extracted  from  the  Tenth  Annual  Report  op  the  Sheffield  Scientific 

School.] 


ft 


Heience  as  a  Means  of  Agricultural  Progress. 


THE  AGRICULTURAL   EXPERIMENT   STATIONS 

OF    EUROPE. 


Farming  is  a  perpetual  trying  of  experiments  with  soils,  manure, 
and  crops,  with  cattle  and  cattle  food,  with  milk,  butter  and  cheese, 
with  plows,  harrows,  and  harvesters :  with  an  almost  endless  list 
of  things.  The  most  successful  farmers — those  who  get  the  most 
out  of  their  land,  their  cattle,  their  crops,  their  fertilizers,  their 
implements,  and  their  labor  —are  those  who  experiment  themselves 
most  industriously,  most  skillfully,  and  most  intelligently,  and 
who  take  the  fullest  advantage  of  the  experiments  of  others.  The 
best  agriculture  is  that  which,  in  old  countries,  on  worn  and  in- 
tractable soils,  has  learned  by  long-continued  and  vai'ied  experi- 
ment to  make  the  gain  of  farming  so  sure,  that  capitalists  as  wil- 
lingly loan  money  to  invest  in  farm  improvements  as  they  put  it 
into  bank  or  railroad  stock. 

To  take  away  from  our  agriculture  what  it  has  learned  by  toil- 
some and  costly  experiment  would  put  it  and  us  all  back  into  the 
dark  ages,  for  it  would  annihilate  a  thousand  industries  by  cut- 
ting off  supplies  of  the  raw  materials  they  work  up ;  it  would 
stop  our  railway  trains,  and  lay  up  our  ships  at  the  dock,  for  there 
would  be  no  grain,  no  cotton,  no  fruits  to  transport.  The  coun- 
try would  stagnate  for  want  of  knowledge  how  to  keep  its  men 
and  women  employed ;  the  land  would  grow  up  to  weeds  and 
woods  for  want  of  implements  to  till  it,  and  for  want  of  seeds  to 
plant.     A  few  winters  would  starve  our  cattle,  a  few  years  would 


bring  famine  to  ourselves.  The  cities,  which  have  their  roots  in 
the  country,  would  be  paralyzed  in  every  industry,  in  all  their 
traffic,  in  all  their  commerce.  The  North  would  be  depopulated 
by  starvation  or  by  emigration  to  snowless  and  frostless  latitudes, 
and  only  a  few  hunters  in  winter,  or  herdsmen  in  summer,  would 
break  the  solitudes  of  a  New  England  desolation. 

Our  wealth,  our  enterprise,  our  intelligence,  and  our  very  virtue 
depend  in  large  degree  upon  our  agriculture  ;  and  our  agriculture 
is  the  result  of  experience,  and  therefore  depends  mainly  upon 
experiment.  Agricultural  experiment  then,  it  cannot  be  denied, 
is  an  exceedingly  weighty  matter. 

But  as  agriculture  has  grown  in  the  past  from  small  beginnings 
and  by  slow  degrees  until  it  has  subdued  the  forests  and  dried  up 
the  morasses  of  nearly  all  Europe  and  much  of  North  America, 
and  has  raised  our  savage  and  plundering  German  and  Anglo- 
Saxon  ancestry  to  such  habit  of  doing  and  having,  that  their  pos- 
terity, by  sheer  inheritance  of  character  and  possessions,  now  com- 
prise the  foremost  nations  of  the  world, — so  agriculture  must  go 
on  to  grow,  winning  more  acreage  from  forest  and  swamp,  build- 
ing more  railroads  and  steamships,  more  cities  and  manufactories, 
and  employing  an  ever-increasing  force  of  men  and  women,  horses, 
waterwheels,  and  engines  to  do  its  traffic,  turn  its  useful  raw  pro- 
ducts into  more  useful  fabrics  and  foods,  or  to  supply  its  incessant 
demand  for  more  tools,  machines,  and  fertilizers. 

Our  soil  is  a  mine  of  infinitely  more  riches  than  all  the  gold 
veins  or  placers  of  California  and  Colorado.  Out  of  it  the  farmer 
digs  our  food  and  our  clothes,  and  that  mainly  sums  up  the  wealth 
of  most  of  us.  This  riches  of  the  soil  may  be  easily  squandered, 
and  much  of  it  now  is  from  mere  ignorance  as  good  as  thrown 
away.  It  may  be  restored  also.  Unlike  metallic  ore,  which  once 
duo-  out  and  skillfully  smelted  is  forever  worthless,  the  soil  has  a 
productive  power  of  unlimited  duration.  The  agencies  that  made 
soil  from  rock  in  the  ages  past  are  perpetually  at  work  making 
new  soil  from  the  rock  of  to-day,  as  wrell  as  developing  new  fertility 
in  the  ancient  soil.  Man  "  by  searching  "  has  found  out  various 
means  to  accelerate  and  intensify  this  restoration  and  elaboration 
of  fertility,  and  that  people  among  whom  the  quest  of  better, 
cheaper,  and  more  energetic  means  of  heightening  the  productive 
power  of  the  soil,  and  of  best  economizing  that  already  at  disposal, 
has  been  most  successfully  prosecuted,  is  the  people  that  will  lead 
in  the  march  of  civilization,  and  will  impress  its  language,  its 
manners,  and  its  morals  on  the  world. 


Our  agriculture  has  two  very  prominent  wants.  The  one  is  a 
more  universal  acquaintance  with  and  practice  of  what  has 
already  been  learned,  and  the  other  is  the  learning  of  many  things 
now  unknown,  which  we  feel  important  to  understand — the  settle- 
ment of  much  discussed  questions  that  vex  and  baffle  us  in  laying 
our  plans,  and  embarrass  our  practice — the  discovery  of  new  facts 
that  shall  enlarge  and  improve  our  systems  of  farming.  Every 
farmer  remembers  that  his  successes  have  been  reached  by  a  series 
of  discoveries  on  his  part.  He  can  remember  when  he  followed 
this  and  that  practice,  which  he  has  come  to  see  are  defective  and 
injurious,  and  therefore  has  abandoned — that  he  was  once  ignorant 
of  most  useful  operations,  resources,  and  methods,  which,  one  by 
one,  have  been  revealed  to  him,  either  by  conversation,  reading, 
visiting  some  neighbor,  near  or  remote,  or  by  reflection  and 
observation  on  his  own  premises. 

Every  New  England  farmer  who  maintains  or  increases  the 
productiveness  of  his  land  under  the  changed  circumstances  of 
recent  years  has  done  it  by  using  knowledge  which  his  fore- 
fathers did  not  possess  or  did  not  use,  and  no  such  farmer  would 
willingly  part  with  the  knowledge  thus  gained.  He  would  not 
part  with  it  because  there  is  advantage  in  it,  money  in  it.  He 
would  not  part  with  it  because  it  has  been  a  pleasure  to  acquire, 
and  is  a  pleasure  to  possess  and  to  communicate,  and  because  he  feels 
that  he  himself  has  grown  and  ripened  by  the  gain  of  this  knowl- 
edge. It  has  become  a  part  of  himself,  and  in  its  assimilation  he 
has  become  richer  and  stronger,  and  is  happy  in  a  greater  mastery 
over  nature,  as  well  as  in  a  consciousness  of  being  abreast  of  the 
time  and  its  opportunities. 

The  successful  farmer  is  also  he  who  most  keenly  feels  the  need 
of  more  knowledge.  He  has  had  his  eyes  most  widely  opened  to 
the  defects  and  insufficiency  of  his  farming.  He  appreciates  most 
keenly  that,  while  the  least  cost  of  a  crop  or  of  an  animal's  keep 
amounts  to  a  certain  sum — whether  corn  and  cow  be  good  or  bad — 
the  profit  lies  mainly  in  every  kernel  of  grain  or  drop  of  milk  he  can 
produce  as  increase  above  the  ordinary  yield.  To  get  an  increase 
becomes  his  unceasing  endeavor.  He  tries  this  method  and  that, 
varies  the  tillage  and  the  treatment  of  the  crop,  varies  the  rations 
and  increases  the  care  of  his  cows,  proving  all  things  and  holding 
fast  to  that  which  experiment  shows  to  be  good.  But  with  his 
best  efforts  he  feels  that  there  are  blanks  in  his  knowledge  that  he 
cannot  fill.     He  tries  a  practice  most  highly  recommended,  and 


can  get  no  profit  of  it,  then  another  with  like  result,  and  often 
finds  the  gains  of  his  successful  trials  fully  offset  by  the  costs 
and  losses  of  his  failures.  He  does  not  lose  faith  in  this  plan 
ot  getting  knowledge,  but  he  learns  that  he  cannot  carry  out  all 
his  good  ideas,  cannot  make  all  the  trials  he  would  like,  and  has 
to  submit  to  uncertainty  and  disappointment.  He  is  more  sobered 
than  inspirited  by  some  of  his  ventures,  and  if  he  does  not  settle 
down  in  "  the  good  old  way,"  he  inclines  more  thereto,  and  feels 
a  more  charitable  sympathy  for  those  who  let  their  neighbors  try 
experiments,  and  even  for  those  who  get  on  by  saving  and  by 
"  scrimping,"  rather  than  by  learning. 

Recent  years  have  brought  a  marvelous  increase  of  knowledge 
into  the  world  of  affairs,  and  have  strangely  intensified  the  search 
for  knowledge,  as  well  as  multiplied  and  energized  the  means  of  dis- 
covery. The  methods  and  the  fruits  of  intellectual  investigation, 
the  systematic  hunting  down  of  things  hidden  from  the  common 
gaze,  and  the  game  thus  captured,  are  what  we  call  science. 
Science  is  the  peculiar  pride  and  glory  of  our  century,  for,  although 
its  seeds  struck  root  in  the  old  centers  of  Hindoo,  Egyptian,  Greek, 
Roman,  and  Arabian  civilization,  it  has  grown,  like  the  Century 
Plant,  with  wearisome  slowness,  until,  almost  in  our  time,  it  has 
shot  out  its  flowering  stem,  and  is  now  at  once  unfolding  a  myriad 
blossoms  and  hanging  full  of  precious  fruits. 

Of  these  benefits  agriculture  has  had  a  fair  share,  and  the  re- 
sults are  like  the  transformations  of  magic. 

It  is  a  little  more  than  a  century  ago  that  the  wagon,  the  plow, 
and  the  harrow  were  almost  the  only  machines  used  in  the  field 
processes  of  agriculture,  and  these  were  of  rude  and  inefficient 
construction.  There  were  almost  no  other  implements  then  known 
for  making  the  labor  of  four-footed  animals  of  avail  in  farming 
operations.  Then  seeds  were  sown,  crops  weeded  and  tilled,  har- 
vests gathered,  grain  threshed  and  dressed  almost  exclusively  by 
hard  human  toil. 

So  fixed  had  become  the  habits  of  the  farm  through  long  centu- 
ries of  unvaried  drudgery,  that  when  Jethro  Tull  invented  his 
seed-drill  and  horse-hoeing  implements  he  could  hardly  make  way 
for  them,  even  by  showing  that  they  withstood  the  crucial  test  of 
use.  It  took  many  years  to  bring  horse-husbandry  to  the  level  of 
practice,  and  practice  to  the  level  of  horse-husbandry.  But  to-day 
we  prepare  the  ground,  sow  the  seed,  till  the  plant  in  all  stages  of 
its  growth,  cut,  spread,  and  gather  the  harvest,  lift  it  upon  the 


wagon,  and  lift  it  again  into  the  barn  loft,  thresh,  winnow,  and 
bag  it  all  by  machines  impelled  by  horse  power,  and  only  requir- 
ing a  little  skilled  guidance  and  some  ordinary  attendance  for  full 
success. 

A  quotation  from  Eliot's  "  Fifth  Essay  on  Field  Husbandry," 
published  in  1754,  well  illustrates  by  what  stages  and  influences 
the  machines  for  utilizing  horse  power  on  the  farm  have  been 
gradually  simplified,  perfected,  and  cheapened  so  as  to  admit  of 
universal  use.  The  quotation,  for  which  I  am  indebted  to  Pro- 
fessor Brewer,  is  as  follows : 

"  Mr.  Tull's  wheat  drill  is  a  wonderful  invention,  but  being  the 
first  invented  of  that  kind,  no  wonder  if  it  be  intricate,  as  indeed 
it  is,  and  consists  of  more  Wheels  and  other  Parts  than  there  is 
really  any  Need  of.  This  I  was  very  sensible  of  all  along,  but 
knew  not  how  to  mend  it.  Therefore  I  applied  myself  to  the 
Reverend  Mr.  Clap,  President  of  Yale  Colledge,  and  desired  him, 
for  the  regard  he  had  for  the  Pnblick  and  to  me,  that  he  would 
apply  his  mathematical  Learning  and  mechanical  Genius  in  that 
Affair;  which  he  did  to  so  good  Purpose  that  this  new  modelled 
Drill  can  be  made  for  the  fourth  Part  of  what  Mr.  Tull's  will 
cost." 

A  century  ago  the  hard  labor  of  a  man  could  cut,  rake  and 
bind,  thresh,  and  clean  at  the  rate  of  but  seven  bushels  of  wheat 
per  day,  and  there  was  no  other  practicable  way  known  of  doing 
the  greater  part  of  this  necessary  work.  Now,  a  day's  work  of  a 
man,  attending  our  improved  machines,  can  harvest  and  prepare 
for  market  fifty  bushels. 

Half  a  century  ago  two  men  and  five  horses,  working  in  the 
most  approved  manner  of  those  days,  could  comfortably  thresh, 
and  clean,  and  get  away  the  straw  of  108  bushels  of  wheat  in  one 
week,  or  eighteen  bushels  per  day.  Last  year,  in  California, 
human  labor,  in  attendance  on  a  steam  thresher  and  cleaner, 
could  travel  from  farm  to  farm  and  dress  and  bag  wheat  at  the 
average  rate  of  110  bushels  per  man  per  day,  and  in  full  work 
could  finish  165  bushels  per  man  per  day.  Such  saving  of  precious 
time  at  the  critical  periods  of  planting  and  harvest,  and  such  re- 
lease of  human  energy  from  lower  to  higher  uses,  is  the  result  of 
improvements  in  the  mechanics  of  the  farm. 

Chemistry,  but  a  hundred  years  old,  as  we  might  say,  has  es- 
caped within  twenty-five  years  from  the  apothecary  shop  and 
the  dye-house,  and  gone  to  work  in  the  fields  without  disguise. 


She  has  always  worked  there,  but  anciently  did  her  good  deeds  for 
the  farmer  in  a  fairy  dress,  and  remained  altogether  invisible  to 
the  common  eye. 

About  the  middle  of  the  last  century,  a  lighthouse,  known  as  the 
Dunston  Pillar,  was  built  on  the  Lincoln  Heath,  in  Lincolnshire, 
England.  It  was  erected  to  guide  travelers  over  a  trackless,  bar- 
ren waste,  a  very  desert,  almost  in  the  heart  of  England;  and  long 
it  served  its  useful  purpose.  The  pillar,  no  longer  a  lighthouse, 
now  stands  in  the  midst  of  a  fertile  and  rich  farming  region,  where 
all  the  land  is  in  high  cultivation.  For  twenty-five  years  no  bar- 
ren heath  has  been  visible,  even  from  its  top.  Superphosphate  of 
lime,  a  chemical  invention,  first  applied  to  land  by  the  British 
chemist  Murray,  and  brought  to  the  notice  of  reading  farmers  by 
Baron  Liebig,  has  been  the  chief  means  through  which  this  great 
change  was  effected.  Superphosphate  over  great  stretches  of 
English  soil  makes,  or  once  made,  the  turnip  crop.  Turnips  there 
support  sheep,  and  with  sheep  the  English  farmer  knows  how  to 
get  rich  on  the  poorest  light  lands. 

Liebig,  in  1 840,  called  attention  to  the  chemical  composition  of 
the  guano  of  Peru.  That  very  year  a  few  casks  were  imported 
into  England  as  an  experiment.  The  next  year  2,000  tons  were 
brought,  and  in  sixteen  years  its  aggregated  sales  in  Great  Britain 
amounted  to  $100,000,000.  lNow  Britain,  Germany,  France,  and 
our  seaboard  States  cannot  get  enough  of  it. 

Our  State  of  Georgia  is  officially  estimated  to  expend 
$10,000,000  annually  in  the  purchase  of  fertilizers,  and  single 
towns  in  this  State  lay  out  thirty  to  fifty  thousand  dollars  for 
guano,  phosphates,  etc.,  besides  using  large  quantities  of  home 
supplies. 

Chemistry  has  taught  agriculture  how  to  utilize  the  refuse  of 
slaughter  houses,  and  fisheries ;  the  bones,  the  flesh,  the  blood, 
which  but  a  few  years  ago  were  a  waste,  a  nuisance,  and  a  peril 
to  the  public  health.  It  has  found  vast  mines  of  fossil  phosphates 
in  England,  Canada,  Norway,  Spain,  France,  Germany,  South 
Carolina,  Russia,  and,  but  a  few  weeks  ago,  in  Austria:  and  has 
shown  how  they  may  be  quickly  and  profitably  converted  into  a 
precious  fertilizer. 

Chemistry,  by  discovering  and  accurately  defining  the  food- 
elements  of  vegetable  growth,  and  by  revealing  their  sources  and 
realizing  the  means  of  making  them  cheaply  available  to  the 
farmer,  has  triumphantly  overcome  one  of  the  previously  insupera- 
ble obstacles  to  the  development  of  national  wealth. 


Agricultural  exports  impoverish  and  ultimately  exhaust  any 
soil.  Only  a  few  favored  regions  are  regularly  fertilized  by  the 
exceptional  arrangements  of  nature.  The  Nile  valley,  in  Egypt,  is 
annually  top-dressed  with  the  richest  and  finest  debris  of  the  tropi- 
cal jungles  and  forests  of  half  Eastern  Africa,  poured  over  all  her 
acres  by  a  never-failing  inundation,  and  with  diligent  irrigation 
is  as  fertile  to-day  as  it  was  two  thousand  years  ago. 
.  But  Italy,  Germany,  France,  Britain,  and  the  United  States, 
have  seen,  or  are  seeing,  the  productiveness  of  thousands  of  their 
fields  decline  to  a  profitless  minimum,  until  lands  once  beautiful 
with  harvests  are  desolate  and  abandoned.  But  the  artificial  bar- 
renness of  exhaustion,  like  the  natural  barrenness  of  the  heath,  or 
the  sand-down,  yields  to  the  touch  of  science  ;  and  in  all  the  older 
countries  I  have  named,  the  work  of  reclamation  is  in  full  progress, 
and  barring  some  great  calamity  of  politics  or  nature,  we  are 
confident  that  the  producing  power  of  their  soil  will  never  again 
be  less  than  now,  but  will  increase  many  fold  in  the  future,  until 
they  become  gardens  in  all  their  breadth  and  to  the  very  hill  tops. 

Many  pages  might  be  occupied  in  recounting  the  gain  which 
agriculture,  like  all  our  industries,  has  received  at  the  hand  of 
science.  It  is  but  a  few  years  since  agriculture  has  been  taught 
in  universities  and  in  special  agricultural  schools,  because  it  is 
but  recently  that  there  has  been  anything  to  teach  beyond  the 
routine  of  manual  practice  that  can  be  learned  on  any  well  man- 
aged farm.  But  now  the  Professor  of  Agriculture,  the  Professor 
of  Agricultural  Chemistry,  the  Professor  of  Vegetable  Physiology, 
of  Animal  Physiology,  find  superabundant  occupation  in  acquir- 
ing, systematizing,  and  communicating  the  facts  and  truths  that 
constitute  agricultural  science.  If  in  this  country  their  labors  in 
communicating  are  not  excessive,  it  is  because  of  special  circum- 
stances which  will  soon  be  changed. 

Much  of  the  advantage  which  agriculture  has  derived  from 
science  has  come  to  it  in  the  same  way  that  President  Clap 
cheapened  the  seed  drill,  viz:  "  out  of  regard  for' the  Publick." 
It  was  thus  that  Lawyer  Tull,  travelling  for  his  health  among  the 
vineyards  of  France,  and  reflecting  on  the  methods  and  results  of 
vine  culture,  conceived  those  ideas  of  horse-husbandry,  which  he 
afterwards  became  a  landholder  for  the  sake  of  reducing  to 
practice. 

It  was  thus  that  James  Smith  of  Deanston,  Scotland,  a  manu- 
facturer intent  on  bettering  the  life  of  his  workmen,  and  substitu- 


ting  wholesome  gardening  and  cow-keeping  for  the  guzzling  of 
beer  and  other  village  immoralities,  learned  those  lessons  in  the 
thorough  drainage  and  subsoil-plowing  of  clay  lands  that  have 
added  millions  to  the  wealth  and  resources  of  British  farms. 

It  was  thus  that  Theodore  de  Saussure,  of  Geneva,  Humphrey 
Davy,  of  London,  and  Justus  Liebig,  of  Giessen,  initiated  those 
studies  in  Agricultural  Chemistry  and  Physiology,  which  have 
added,  and  are  to  add,  other  millions  to  the  wealth  and  resources 
of  Europe  and  this  country. 

The  mowing  machine  was  invented  and  brought  almost  to  per- 
fection on  the  glebe  of  an  English  parsonage,  by  an  English  cler- 
gyman, Rev.  Patrick  Bell.  The  cotton  gin,  which  raised  a  barely 
useful  plant  to  a  sudden  commercial  and  manufacturing  preemi- 
nence, was  the  unrewarded  gift  of  a  New  Haven  school-master, 
Eli  Whitney,  to  the  country  and  the  world. 

Within  a  few  years  farmers,  seeing  the  advantages  to  be  derived 
from  uniting  the  resources  of  science  with  those  of  practice,  in  a 
systematic  attempt  to  improve  the  methods,  operations,  and  re- 
sults of  agriculture,  have  begun  the  establishment  of  the  so-called 
Agricultural  Experiment  Stations. 

The  object  of  these  stations  is  to  make  a  regular  business  of 
discovery  for  the  use  of  farming.  To  this  end,  farmers  have 
formed  associations,  contributed  land,  buildings,  cattle,  labor, 
money  and  whatever  seemed  needful  or  desirable  to  prosecute 
this  business.  They  have  undertaken  it  as  a  means  of  making 
money,  a  means  of  saving  money.  They  have  wanted  to  know 
how  to  save  and  use  manure,  in  order  to  make  good  crops  cheaply; 
how  to  save  and  use  cattle  food  in  order  to  get  good  beef,  wool, 
and  milk  cheaply.  Aware  that  accurate  and  full  knowledge  of 
these  matters  could  only  be  obtained  by  accurate  and  numerous 
experiments,  they  determined  to  have  the  experiments.  Feeling 
that  on  their  own  farms  the  work  of  experimenting  was  costly, 
interfered  with  the  regular  business  of  the  place,  could  not  be 
properly  carried  on  for  want  of  skilled  hands,  and  could  not  be 
suitably  laid  out  for  want  of  skilled  heads,  they  united  together 
to  bring  all  these  requisites  into  one  focus,  so  that  instead  of  hav- 
ing to  be  content  with  the  gratuitous  and  accidental  drippings 
from  the  science  of  the  universities  and  schools,  they  might  have 
their  own  well-spring  of  information,  under  their  own  control,  and 
for  their  own  purposes,  purely. 
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They  recognized  the  fact  that  science  had  developed  the  use  o  f 
many  valuable  instruments  of  discovery— the  thermometer,  the 
microscope,  the  balance — that  chemical  analysis  and  the  art  of 
chemical  investigation,  which  had  given  to  the  world  phosphorus, 
superphosphate,  chloroform,  petroleum,  photography,  electroplat- 
ing, and  were  to  give  chloral,  the  superb  dyes  of  coal  tar,  and 
an  endless  list  of  benefactions,  were  veritable  engines  of  progress — 
and  they  determined  to  make  full  avail  of  them.  They  saw,  too, 
that  the  farm  was  the  place  where  these  might  most  effectually  be 
put  to  doing  farm  work,  and  therefore,  in  the  year  1852,  a  com- 
pany of  Saxon  farmers,  constituting  the  Leipzig  Agricultural 
Society,  opened  the  first  Fanners'  Station  for  Agricultural  Exper- 
iment, at  the  little  village  of  Moeckern,  near  the  city  of  Leipzig. 
The  society  already  owned  there  a  small  farm,  with  farm  house, 
barns,  and  some  improved  stock  and  implements.  They  engaged 
Dr.  Emil  Wolff,  a  young  scientist  of  promise,  to  take  charge,  and 
Mr.  Baehr,  the  manager  of  the  farm,  was  instructed  to  supei'intend 
all  the  practical  detail  of  experiments.  Two  or  three  rooms  were 
fitted  up  as  a  chemical  laboratory,  a  small  glass  house  was  built 
for  vegetation  experiments,  an  assistant  chemist  was  secured,  and 
the  Experiment  Station  was  an  accomplished  fact. 

This  was  not,  indeed,  the  first  association  of  farmers  for  scien- 
tific investigations  in  behalf  of  agriculture,  nor  was  it  the  first  in- 
stance of  science  taking  up  her  abode  on  the  farm.  Scotland  had 
her  "  Agricultural  Chemistry  Association,"  that,  established  for  a 
period  of  five  years,  began  its  operations  in  1843,  and  in  1848  was 
practically  merged  in  the  "  Highland  and  Agricultural  Society." 

France  had,  so  far  back  as  1835,  in  the  neighborhood  of  Stras- 
burg,  an  experiment  station  on  the  farm  of  Boussingault,  who  was 
Professor  of  Rural  Economy  in  the  Conservatory  of  Arts,  in  Paris. 
Both  in  the  laboratory  at  Paris,  and  on  his  estate  of  Bechelbronn, 
Boussingault  has  for  forty  years  carried  on  a  series  of  most  val- 
uable researches,  whether  considered  from  the  point  of  view  of 
practice  or  of  science. 

When,  in  answer  to  the  menace  of  Napoleon,  the  battalions  of 
Germany  swarmed  over  the  fields  of  Alsace,  it  was  well  understood 
by  Bismarck  and  Moltke  that  Jean  Baptiste  Boussingault  was  not 
merely  a  Frenchman,  but  was  also  a  citizen  of  the  world,  a  bene- 
factor of  every  Prussian,  Saxon  and  Bavarian  landlord  and 
peasant,  and  one  who  held  highest  rank  aud  had  done  longest 
service  among  the  priests  and  interpreters  of  nature.     Bechelbronn 
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was  to  them  as  holy  ground,  and  was  sacredly  guarded  from  all 
molestation. 

But  Moeckern  was  the  first  station  where  farmers  them- 
selves brought  science  to  their  own  farm  to  aid  them  in  their  own 
farming.  The  example  there  given  was  so  brilliant  and  solid  that 
within  two  years  another  Saxon  society,  in  the  town  of  Chemnitz, 
set  up  a  second  station,  and  of  the  twenty-two  years  that  have 
since  elapsed,  1S67  is  the  only  one  which  has  failed  to  witness  the 
founding  of  one  or  more  similar  institutions  in  Germany  or  the 
neighboring  countries.  The  experiment  station  shortly  came  to 
be  regarded  not  as  a  costly  embellishment,  or  an  agricultural 
luxury,  in  which  universities  or  wealthy  gentlemen  might  harm- 
lessly indulge,  but  as  a  most  remunerative  and  most  necessary 
agency  for  the  use  as  well  as  for  the  education  of  farmers. 

The  rate  at  which  the  idea  of  the  agricultural  experiment  sta- 
tion fructified  in  continental  Europe  may  be  gathered  from  the 
following  statement  of  the  number  of  stations  in  existence  there  at 
the  expiration  of  each  period  of  five  years  that  has  passed  since 
the  establishment  of  the  station  at  Moeckern  :  In  1852,  one;  in 
1857,  eleven  ;  in  1862,  nineteen  ;  in  1867,  thirty;  in  1872,  sixty- 
two;  in  1875,  seventy.  There  are  thus  seventy  of  these  experiment 
stations  in  Europe,  each  employing  from  one  to  five  investiga- 
tors, trained  in  the  great  modern  schools  of  chemistry  and  physi- 
ology. 

Some  thirteen  of  these  stations  are  chiefly  devoted  to  the  study 
of  cattle  feeding,  as  at  Weende,  Proskau,  and  Milan ;  some  twenty- 
five  to  experiments  on  the  conditions  of  vegetable  growth,  and 
the  action  of  manures,  as  at  Dahme,  and  Ida-Marienhutte  ;  some 
to  tobacco  and  grape  culture,  as  at  Carlsruhe  ;  some  to  grape  cul- 
ture and  wine  making,  as  at  Wiesbaden  and  Padua.  The  station 
at  Udine  is  devoted  to  studies  in  silk  production  ;  those  at  Stock- 
holm and  Lodi  to  milk  industry.  Thirty  stations  are  largely 
occupied  with  analyses  of  commercial  manures.  Eighteen  stations 
test  the  purity  and  vitality  of  seeds.  Most  of  the  stations,  how- 
ever, combine  several  of  these  objects  in  their  operations. 

During  the  years  1852  to  1857  the  Moeckern  station  published 
five  reports  of  the  experiments  and  researches  there  conducted, 
making  together  a  most  valuable  volume  of  574  octavo  pages. 
Many  others  of  the  German,  Austrian  and  Italian  stations  have 
issued  similar  reports  in  pamphlet  or  book  form. 

In  1859  began  the  publication,  in  Germany,  of  a  special  organ 
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of  the  workers  in  what  had  thus  grown  to  be  a  national  enterprise. 
This  journal,  entitled  Versuchs-Stationen,  issued  in  bi-monthly 
parts,  continues  to  this  day.  For  the  first  years  of  its  existence  it 
formed  a  closely  printed  annual  volume  of  240  to  360  pages.  In 
1864  it  thickened  to  nearly  500  pages,  and  still  maintains  that 
dimensions. 

In  1863  the  number  of  chemists  and  investigators  connected 
with  the  experiment  stations  and  agricultural  schools  had  become 
sufficient  to  warrant  an  annual  convention  for  discussion  and  ex- 
change of  views,  and  for  ten  years  this  general  conference  of  the 
agricultural  explorers  of  Germany  has  been  only  once  interrupted, 
and  that  by  nothing  less  than  the  great  war  of  1866. 

Previous  to  1870  Italy  had  no  institutions  of  this  kind.  In  that 
year  a  commissioner  was  sent  by  the  government  to  inquire  into 
the  workings  of  the  German  experiment  stations.  His  favorable 
report  led  to  their  immediate  establishment,  and  four  were  at  once 
organized ;  nine  were  in  operation  in  1873,  and  now  thirteen  are 
in  working  order. 

In  the  summer  of  1874  an  International  Agricultural  Exhibition 
was  held  at  the  great  German  port  of  Bremen.  Of  this  exhibition 
the  10th  section  was  exclusively  devoted  to  the  experiment  station. 
Thirteen  experiment  stations  and  Agricultural  Colleges  were  rep- 
resented, and  a  very  fair  display  was  made  of  the  various  instru- 
ments, apparatus  and  arrangements  employed  in  the  stations  for 
the  scientific  study  of  agriculture,  as  well  as  printed  reports  and 
tables,  drawings,  and  diagrams  illustrative  of  the  methods  and 
results  of  investigation.  The  experiment  stations  having  unitedly 
declined  to  receive  a  money  premium,  had  conferred  on  them  the 
grand  prize  of  honor  of  the  Senate  of  the  city  of  Bremen. 

But  what  have  the  experiment  stations  accomplished?  The 
farmer's  work  consists  first  in  converting  soil  and  manures  into 
crops,  second  in  converting  crops  into  beef,  mutton,  pork,  milk, 
wool,  labor  and  manure.  In  Europe  the  farmer  often  manufac- 
tures some  of  his  crops  into  starch,  sugar,  wine,  alcohol,  &c. 

The  very  earliest  investigations  in  the  Mceckern  station  were 
upon  "  The  feeding  of  sheep  to  ascertain  the  best  '  sustaining 
rations,' "  i.  e.,  the  best  combination  of  food  for  simply  maintain- 
ing the  weight  and  condition  of  a  mature  sheep,  and  upon  "  The 
dependency  of  plants  on  the  atmosphere,  and  on  mineral  salts 
and  salts  of  ammonia."  These  fundamental  questions  of  agricul- 
tural science  had  been  much  discussed  in  the  universities  and  much 
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was  known  about  them,  but  they  were  far  from  a  satisfactory- 
solution.  On  the  farms  too  there  prevailed  the  greatest  diversity 
of  opinion  as  to  what  constituted  a  sustaining  ration  for  any  given 
animal,  and  also  as  to  the  extent  to  which  crops  depend  upon  the 
atmosphere. 

Without  stopping  now  to  review  the  state  of  agricultural 
doctrine  and  practice,  as  it  was  twenty-live  years  ago  in  Germany, 
or  to  trace  in  detail  the  steps  of  progress  since  traversed,  I  will 
state  briefly  some  of  the  substantial  advantages  that  have  been 
gained  as  the  immediate  outcome  of  the  efforts  of  the  experiment 
stations. 

1st.  In  respect  to  the  food  of  plants,  it  has  been  settled  that 
potash,  lime,  magnesia,  iron,  phosphoric  acid,  and  sulphuric  acid 
must  be  furnished  to  all  agricultural  plants  through  their  roots 
and  by  the  soil,  in  order  to  their  growth.  It  has  also  been  shown 
that  soda,  silica,  and  chlorine  are  not  needful  for  the  early  growth 
of  grain  crops,  but  that  chlorine  is  essential  for  the  perfection  of 
the  seed,  and  that  silica  is  probably  necessary  to  uniform  blossom- 
ing and  ripening.  It  is  further  proved  that  water  must  enter  crops 
through  their  roots;  that  carbon,  which  constitutes  more  than  half 
their  weight,  is  superabundantly  furnished  by  the  air;  that  air  and 
water  together  yield  the  materials  out  of  which  fully  ninety  to 
ninety -eight  per  cent,  of  crops  is  built  up  ;  and  that  the  soil  has  to 
give  for  their  nourishment  but  the  two  to  eight  per  cent,  of  min- 
eral matters  which  remain  as  ashes  when  they  are  burned,  and  the 
one-half  to  two  per  cent,  of  nitrogen  which  they  also  contain.  It 
is  likewise  definitely  settled  that  nitrates  in  the  soil  are  the  chief 
natural  source  of  nitrogen,  while  the  ammonia  of  manures,  as  well 
as  a  variety  of  substances  containing  nitrogen,  and  found  in  urine 
or  formed  in  the  decay  of  dead  animals,  likewise  supply  vegetation 
with  nitrogen. 

The  experiment  stations  have  further  ascertained,  by  a  multi- 
tude of  trials,  what  quantities  and  proportions  of  all  these  ele- 
ments are  needful  to  produce  any  given  crop,  and  to  what  extent 
they  are  removed  from  the  soil.  On  the  other  hand,  it  has  been 
determined  what  kinds  of  plant  food,  and  what  quantities,  are 
contained  in  the  long  list  of  manures  and  fertilizers,  in  all  kinds  of 
dung,  urine,  ashes,  salts,  guanos,  phosphates,  manufacturing  refuse, 
etc.,  etc.  The  remarkable  quality  of  the  soil  to  sift,  as  it  were, 
some  of  the  most  valuable  because  most  costly  fertilizing  elements 
out  of  manures,  retaining  them  in  a  form  not  easily  or  not  largely 
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removed  by  rain,  and  yet  accessible  to  the  roots  of  plants — the 
so-called  absorbent  or  fixing  power  of  soils — has  also  been  elabo- 
rately studied.  We  have  thus  a  pretty  complete  knowledge  of 
what  a  crop  requires  for  its  growth,  what  it  carries  off  from  the 
land,  what  is  returned  in  straw  or  tops,  and  where  we  may  look  for 
the  most  effectual  and  cheapest  restoration  of  the  materials  thus 
removed.  The  well-instructed  farmer  is  thereby  put  in  possession 
of  the  data  for  keeping  accounts  between  his  soil  and  bis  crops,  so 
that  he  can  estimate  with  accuracy  what  the  soil  itself  can  be  re- 
lied upon  to  contribute  yearly  towards  their  production,  and  what 
must  be  supplied  yearly  or  during  each  rotation,  by  means  of 
manures,  in  order  to  maintain,  to  develop,  or  to  increase  the  fer- 
tility of  the  land. 

Dr.  Wolff,  who  conducted  the  scientific  work  in  the  Mceckern 
station  at  its  beginning,  is  the  author  of  a  valuable  series  of  tables, 
which  are  published  in  a  Farmers'  Almanac,  in  Germany,  and  are 
largely  employed  in  this  kind  of  reckoning.  One  of  these  tables 
gives  the  quantities  of  water,  nitrogen,  potash,  lime,  phosphoric 
acid,  etc.,  in  1,000  parts  of  all  the  plants  and  parts  of  plants  which 
are  encountered  in  German  agriculture,  including  fifteen  kinds  of 
hay,  twenty  of  green  forage,  nine  of  roots,  eleven  of  leaves  and 
tops  of  root  crops,  twenty-nine  of  meal,  bran,  oil  cake  and  other 
manufactured  products  and  by-products,  sixteen  sorts  of  straw, 
eleven  varieties  of  chaff,  twelve  kinds  of  commercial  plants,  such 
as  flax,  hops,  grapes,  etc.,  fourteen  of  litter,  like  forest  leaves, 
ferns,  flags,  sedge,  etc.,  thirty-four  varieties  of  grains  and  seeds, 
and  seventeen  kinds  of  animal  matters,  milk,  cheese,  blood,  meat, 
wool,  etc.,  making  a  total  of  188  farm  products. 

Another  table  gives  the  composition,  in  1,000  parts,  of  twentv- 
four  varieties  of  stable  and  domestic  manures,  forty-seven  kinds 
of  guanos  and  mineral  fertilizers,  ten  sorts  of  superphosphates, 
designated  by  the  material  from  which  they  are  made,  and  twelve 
grades  of  potash  salts. 

A  third  table  informs  us  what  1,000  pounds  of  barley  and  fif- 
teen pounds  of  hops  are  separated  into  in  the  beer  manufacture, 
how  many  pounds  of  spirits,  grains,  spent  hops,  etc.,  result,  and 
how  many  pounds  of  water,  nitrogen,  potash,  lime,  phosphoric 
acid,  etc.,  exist  in  each  and  all  of  these  materials.  This  table  also 
gives  the  corresponding  products  and  their  composition  in  case  of 
the  manufactures  of  yeast,  of  wheat  flour,  of  cheese,  of  beet  sugar, 
and  of  flax. 
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The  experiment  stations  have,  by  their  numerous  exact  trials, 
furnished  us  with  rules  for  calculating  from  the  rations  of  the 
animals  the  composition  as  well  as  the  quantity  of  stable  manure 
which  is  furnished  by  the  different  classes  of  live  stock. 

By  aid  of  the  facts  thus  made  accessible  to  him,  the  German 
farmer  can  and  does  economize  the  resources  of  his  soil,  of  his 
manure  yard,  and  of  the  fertilizer  market  to  a  degree  that  was  sim- 
ply impossible  twenty  years  ago.  He  can  acquire  as  clear  an 
idea  of  the  state  of  his  soil  as  to  crop-producing  capacity,  as  to 
what  it  needs  and  what  it  is  already  possessed  of,  as  he  has  of  his 
bank  account.  He  can  learn  whether  any  course  of  cropping 
actually  carried  out  in  the  past  or  proposed  for  the  future  has  re- 
moved, or  will  remove,  more  or  less  potash,  phosphoric  acid,  sul- 
phuric acid,  etc.,  from  the  field  than  the  field  has  received  in 
manures,  or  will  be  likely  to  yield  without  disturbing  the  equi- 
librium of  its  stores  of  plant  food. 

This  cannot  be  done  from  these  tables  alone  by  any  one  who  is 
merely  able  to  read  them  or  to  reckon  by  rule  of  three,  any  more 
than  the  nautical  almanac  will  enable  the  ship's  cook  to  find  lati- 
tude and  longitude ;  but  the  tables  give  to  the  farmer  who  is 
moderately  instructed  in  the  now  received  doctrines  of  agriculture, 
in  the  matter  of  crop-production,  the  data  for  finding  where  he 
stands  in  relation  to  his  soil  and  his  crop,  just  as  the  tables  for 
latitude  and  longitude  serve  the  master  of  a  vessel,  who  can  iden- 
tify a  star  and  use  a  sextant  to  find  his  position  at  sea. 

We  labor  here  not  only  under  the  disadvantage  which  the  edu- 
cated German  farmer  has  in  a  good  degree  overcome,  by  the  use 
of  the  permanently  valuable  facts  laid  down  in  these  tables,  but 
we  likewise  suffer  from  the  circumstance,  that,  when  we  would  try 
to  sail  by  "  dead  reckoning,"  there  is  so  much  ignorance,  decep- 
tion, or  willful  fraud  practised  upon  us  in  throwing  the  log  or  by 
hanging  out  false  lights,  that  we  are  in  continual  uncertainty  as 
to  our  course. 

li  we  gather  from  the  best  consideration  of  the  evidence  at  our 
hands  that  a  field  needs  potash  or  nitrogen,  or  phosphoric  acid, 
we  find  plenty  of  parties  willing  to  sell  us  these  things,  but  we  also 
find  that  we  cannot  depend  upon  getting  the  worth  of  our  money. 
Our  markets  are  full  of  "superphosphates,"  "poudrettes,"  "tobacco- 
growers,"  "bone  dust,"  "bone  flour,"  "ground  bone,"  of  "bone 
meal,"  "  pure,"  "  best,"  "  finest,"  "  celebrated,"  "  rotted,"  and  "dis- 
solved," of  "  meat  scraps,"  "  blood  and  bone  fertilisers,"  "  animal 


15 

dust,"  &c,  &(•.,  some  good,  some  bad,  and  in  many  cases  the  good 
appearing  to  be  on  the  way  to  the  bad.  Many  of  our  farmers 
have  laid  out  their  money  for  some  of  these  things  and  know  that 
they  were  cheated,  by  not  getting  what  was  promised  and  what 
they  supposed  they  were  securing.  Some  have  been  bitten  so 
badly  that  they  purchase  nothing,  unless  it  is  ashes,  j)laster,  bone, 
fish  scrap  or  something  which  they  can  judge  of  by  its  looks. 
Some  again  have  purchased  these  very  fertilizers  whose  value  they 
believed  t  hey  could  estimate  by  inspection,  only  to  learn  when  too 
late  that  they  had  been  ingeniously  deceived,  and  that  the  sup- 
posed "  bone  "  contained  twenty  to  fifty  per  cent,  of  water,  oyster 
shells,  plaster  or  niter  cake,  which  had  no  value  for  their  farming. 
The  German  farmers  have  had  the  same  experience.  It  is  just 
about  twenty  five  years  since  in  Germany,  as  here,  the  trade  in 
superphosphates,  guano  and  similar  commercial  fertilizers  began. 
The  same  stupendous  frauds  by  adulteration  and  dilution  of  good 
things  were  practiced  there  as  they  have  been,  and  we  have  great 
reason  to  fear,  still  are  carried  on  here.  But  the  experiment  sta- 
tion has  perfectly  cured  and  rooted  out  these  evils  in  all  the  dis- 
tricts where  it  has  been  established  and  appreciated.  The  experi- 
ment station  there  is  prepared  to  furnish  the  farmers  at  small  cost 
with  an  analysis  of  any  fertilizer  he  proposes  to  buy.  The  farmers 
avail  themselves  of  this  aid.  They  will  buy  no  fertilizer  without 
an  exact  statement  of  its  composition,  and  they  buy  with  the  un- 
derstanding that  any  deficiencies  in  the  stipulated  amount  of  fer- 
tilizing matters  shall  be  made  good  or  deducted  from  the  payment. 
Under  such  circumstances  manufacturers  can  sell  nothing  that  is 
not  substantially  what  it  claims  to  be.  A  further  result  of  this 
system  is  that  low-grade  fertilizers  are  little  sought,  and  those 
makers  who  can  supply  the  best  article,  of  uniform  quality  and  at 
the  lowest  rates,  have  the  business.  With  large  sales  the  dealers 
prosper,  while  the  consumers  are  satisfied  with  their  purchases, 
and  instead  of  trying  to  see  how  they  can  get  along  with  small 
use  of  purchased  fertilizers,  they  are  studying  how  to  use  the 
greatest  quantities  to  advantage.  The  fertilizer  market  in  Saxony 
and  Prussia,  where  the  experiment  station  has  the  universal  sanc- 
tion and  confidence  of  the  farmers,  is  just  as  settled  and  satisfac- 
tory as  any  branch  of  trade,  and  the  farmers  there  buy  superphos- 
phate, guano,  potash  salts,  etc.,  with  as  much  security  of  fair 
dealing  as  we  can  feel  in  the  purchase  of  sugar  or  nails. 
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In  the  second  place,  the  vast  interests  represented  in  the  feeding 
of  cattle  and  other  live  stock  have  received  an  equal  share  of 
attention,  and  although  the  questions  involved  are  in  the  highest 
degree  complicated  and  abstruse,  an  encouraging  measure  of  suc- 
cess in  approaching  their  solution  has  been  attained. 

In  our  agricultural  meetings  and  publications  we  are  discussing 
the  same  old  questions  as  to  the  value  and  economy  of  the  various 
kinds  of  cattle  food,  and  the  methods  of  raising  them,  that  have 
been  discussed  ever  since  there  have  been  two  ways  open  to  the 
farmer  for  keeping  his  animals. 

So  long  as  we  do  not  understand  what  hay,  corn-fodder,  corn- 
meal,  oil-cake,  bran,  shorts,  brewers'  grains,  etc.,  are  in  their  dis- 
tinct parts,  and  how  their  separate  ingredients  individually  stand 
related  to  the  wants  of  the  living,  growing,  laboring,  milk-giving, 
or  fattening  animal,  so  long  we  shall  remain  in  a  fog  of  discussion, 
so  long  we  shall  oppose  each  other  in  argument,  in  belief  and  in 
practice ;  so  long,  like  men  bewildered  in  the  forest,  we  shall 
travel  in  a  circle,  and  tire  ourselves  out  without  making  progress 
forward. 

In  the  tables  which  I  have  alluded  to,  in  which  a  vast  amount 
of  the  work  of  the  Experiment  Stations  has  been  condensed  to 
its  results,  in  compact  numerical  statement,  we  find  given  the 
average  quantities  of  water,  albuminoids,  carbohydrates,  fat  and 
cellulose,  that  are  contained  in  1,000  parts  of  each  of  some  200 
kinds  of  forage  and  feeding  stuff.  Chemical  analysis  encounters 
extraordinary  difficulties  in  its  attempt  to  set  forth  the  separate 
elements  of  food.  Many  of  these  difficulties  are  as  yet  but  par- 
tially overcome,  and  many  of  our  results  are  in  some  measure 
merely  tentative  and  provisional ;  but  a  vast  advance  has  been 
surely  accomplished. 

We  can  compare  together  hay  and  cornstalks,  oats  and  corn- 
meal,  peas  and  oil-cake,  potatoes  and  turnips,  by  a  comparison  of 
their  water,  their  albuminoids,  their  carbohydrates,  their  fat,  and 
their  fiber.  We  can  also  connect  the  preponderance  of  one  or 
other  class  of  ingredients  with  their  observed  use  in  cattle  feeding. 

The  Experiment  Stations  have  carried  out  a  large  number  of 
feeding  trials  on  oxen,  cows,  calves,  horses,  sheep,  swine,  and 
goats,  taking  account  of  the  accurately  weighed  and  analyzed 
food,  not  merely  as  so  much  hay,  beets,  etc.,  but  also  as  so  much 
water,  fat,  starch,  gluten,  etc. ;  and  have  thus  given  a  new,  more 
definite  and  more  general  expression  to  the  results  which  practice 
had  obtained. 
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As  in  the  construction  of  a  house,  the  builder  must  know  not 
only  the  materials  to  be  provided,  but  also  the  due  proportions  of 
them  to  be  employed,  so  in  the  raising  of  a  calf,  in  the  fattening 
of  an  ox,  in  the  support  of  a  draught  horse  or  of  a  milch  cow,  the 
farmer  should  know,  not  merely  that  water,  oil,  albuminoids,  etc., 
are  absolutely  required,  but  also  that  they  are  demanded  in  such 
and  such  proportions.  The  nails  and  pins  that  are  put  into  a 
house,  beyond  what  are  needed  for  binding  the  structure,  are  not 
only  a  waste  of  material  in  themselves,  but  may  become  a  detri- 
ment to  the  building.  So  the  want  of  due  proportion  among  the 
elements  of  cattle  food  may  be,  and  unquestionably  is,  in  fact,  an 
immense  waste  and  damage  to  our  agriculture. 

In  the  Experiment  Stations  great  numbers  of  practical  trials 
have  been  carried  out  for  the  purpose  of  ascertaining  the  best 
quantities  and  proportions  of  the  food-elements  to  use  for  the 
various  purposes  of  the  stock  keeper,  and  the  results  that  are  now 
accepted  as  the  best  approximation  to  truth,  are  given  in  tables 
of  so-called  "  Normal  Rations." 

These  "  Normal  Rations  "  are  confessedly  approximate  and  im- 
perfect ;  but  they  are  based  upon  experiment,  and  they  have  an 
undeniable  value.  By  their  help  the  farmer  can  calculate  the 
probably  best  combination  of  any  sorts  of  cattle  food  that  are  at 
any  time  accessible  to  him.  He  can  determine  what  to  buy  and 
what  to  sell  to  the  best  advantage  of  his  cattle,  his  manure  heap, 
and  his  cash  on  hand.  And  although  the  experimental  foundation 
of  these  tables  is  not  yet  broad  enough  to  support  all  the  deduc- 
tions that  may  be  made  from  them,  they  have  been  useful  in 
practice,  and  are  invaluable  as  a  safe  basis  for  further  inquiries. 

The  builder,  in  making  his  estimates  of  the  materials  needful  to 
construct  a  house,  allows,  in  case  of  lumber,  a  large  percentage 
for  loss  by  defects  and  unavoidable  waste  in  cutting.  He  also 
provides  for  a  small  waste  of  nails,  while  most  of  the  other  hard- 
ware required  is  expected  to  "  hold  out."  The  waste  portions  of 
cattle  food  must  in  like  manner  enter  into  the  farmer's  estimates. 
He  must  know  to  what  degree  the  animal  can  build  into  its  struc- 
ture or  otherwise  make  profitable  use  of  the  elements  of  all  vari- 
eties of  feeding  stuff. 

From  this  point  of  view,  another  class  of  investigations  has 

been  actively  prosecuted  for  some  ten  years  as  to  the  digestibility 

of  different  foods ;  not  with  reference  simply  to  what  proportion 

of  hay  or  potatoes  or  cotton-seed  meal  is  dissolved  and  consumed 
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in  gross,  but  what  proportions  of  the  fat,  of  the  starch,  of  the 
albuminoids,  of  the  fiber,  of  the  phosphates,  etc.,  are  utilized  as 
nutriment.  These  investigations  are  made  by  feeding  known 
quantities  of  analyzed  food,  keeping  account  of  gain  or  loss  of 
live  weight,  and  also  collecting,  weighing  and  analyzing  the  urine 
and  dung.  What  enters  the  animal  as  food,  that  cannot  be  found 
again  unaltered  in  the  excrement,  has  been  digested. 

The  digestibility  of  a  given  cattle-food  is  not  invariable,  but 
changes  according  to  the  kind  of  animal,  and  the  articles  that 
accompany  it  in  the  ration ;  but  by  numerous  experiments  it  is 
expected  that  a  series  of  average  figures  will  be  obtained  which 
will  serve  usefully  as  a  basis  for  estimating  the  relative  values  of 
different  feeding  stuffs. 

One  of  the  interesting  results  of  these  researches  is  that  the 
fiber  or  cellulose — the  very  wood — of  plants  is  to  a  considerable 
degree  digestible.  It  has  "  always  "  been  known  that  the  beaver 
subsists  on  wood  and  bark  during  winter,  that  cattle  derive  great 
satisfaction  from  browse,  and  that  goats  will  eat  newspapers  and 
cotton  cloth.  Exact  trials  have  shown  that  sheep  are  able  to 
digest  a  large  proportion  of  sawdust  and  of  pure  paper  pulp,  and 
that  all  farm  animals  readily  convert  into  food  from  40  to  10  per 
cent,  of  the  fiber  or  woody  matter  of  hay,  straw  and  chaff.  In 
fact,  these  materials  have  been  proved  to  be  not  simply  digestible 
"  on  a  pinch,"  but  really  serviceable  to  a  corresponding  degree 
with  starch,  sugar,  oil,  etc.  Accordingly,  in  most  of  the  well  com- 
pounded cattle  rations,  the  second  rank  in  respect  to  quantity  is 
occupied  by  cellulose  or  "  crude  fiber." 

It  is  remarkable  how  differently  the  same  elements  of  various 
kinds  of  forage  submits  to  digestive  action,  as  exhibited  in  the 
following  results  of  this  class  of  experiments. 

Percentage,  of  organic  matter  digested. 

Total 
No.  of  Organic 

Experiments.    Substance.    Albuminoids.        Fat.  Fiber. 

Meadow  hay, 45  64  59  50  62 

Clover  hay, 18  60  59  59  47 

Clover,  just  before  flower,  .. .  4  71  85  66  66 

"       in  Ml  flower, 2  64  69  61  50 

"       past  flower, 2  58  59  44  39 

Potatoes,  13  90  66  53  27 

Linseed  cake,. 8  81  86  90  69 

Cotton-seed  cake  (with  hulls),  4  50  74  91  23 

Oats, 9  69  75  78  20 

Rye  straw, 5  51  24  32  62 
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The  above  figures  are  simply  averages  of  the  results  of  trials 
made  in  most  cases  by  different  experimenters  on  different  animals. 
In  case  of  meadow  and  clover  hay  they  are  perhaps  so  numerous 
as  to  fairly  establish  the  superiority  of  the  former,  by  showing 
that  although  clover  hay  contains  some  four  per  cent,  more  albu- 
minoids than  grass  hay,. it  gives  no  more  of  them  to  the  support 
of  animals,  while  its  fiber  is  far  less  digestible.  The  influence  of 
age  on  the  digestibility  of  forage  is  strikingly  seen  in  case  of  clover, 
the  percentage  value  of  which  decreases  rapidly  during  flowering 
and  ripening.  Potatoes  and  linseed  cake  are  among  the  most  con- 
centrated and  digestible  of  foods  ;  and  cottonseed  cake,  when  free 
from  hulls,  ranks  but  little  inferior  to  linseed  cake.  It  is  observed 
that  rye  straw  is  food  to  the  extent  of  one-half  its  weight ;  while 
of  the  grain  of  oats  30  per  cent,  is  undigested.  But  the  albumin- 
oids of  oats  are  thrice  more  nutritious  than  those  of  rye  straw ; 
and  the  cellulose  of  the  straw  is  thrice  as  nutritious  as  that  of 
oats.  The  belief  so  prevalent  in  this  country  that  Indian  corn  is 
unsurpassed  among  the  grains  as  a  food  finds  confirmation  in 
these  researches,  its  relative  digestibility  being  higher  than  that 
of  barley,  as  well  as  that  of  peas  and  beans.  It  is  evident  that 
experiments  which  promise  to  give  us  the  data  for  comparing  the 
digestibility  of  different  foods,  are  of  the  utmost  importance.  By 
their  aid  the  compounding  of  really  normal  rations  will  become  a 
matter  of  satisfactory  certainty,  and  the  economy  of  cattle  food 
will  be  pushed  to  near  its  limits. 

A  third  direction  in  which  the  Experiment  Station  is  proving 
of  direct  service  to  the  farmer  is  in  the  examination  of  seeds  as 
regards  their  genuineness,  purity,  and  germinative  quality.  It 
is  but  a  very  few  years  since  attention  was  directed  in  Great 
Britain  to  the  wholesale  distribution  of  purposely  adulterated 
seeds  throughout  that  country,  and  stringent  laws  and  severe 
penalties  were  there  enacted  to  protect  the  farmer. 

There  lately  flourished  in  London,  establishments  where  the 
business  of  "doctoring"  turnip-seed  was  prosecuted  on  an  exten- 
sive scale.  Old  and  worthless  seeds,  or  the  seeds  of  inferior  kinds 
of  turnips,  were  killed  and  colored,  and  used  to  the  estimated 
amount  of  20,000  bushels  annually  for  adulterating  the  seed  of 
those  varieties  most  sought  for  by  farmers. 

In  London  and  on  the  continent  hundreds  of  tons  of  the  cheap 
yellow  clover  seed  (Medicago  lupulina)  were  and  still  are  mixed 
in  larger  or  smaller  proportions  with  the  red  clover  seed,  and  sold 
at  the  high  price  of  the  latter. 
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In  1868,  three  tons  of  so-called  red  clover  seed  were  sold  to 
farmers  in  the  Saxon  city  of  Chemnitz  alone,  of  which  two-thirds 
was  yellow  clover. 

In  Saxony  light  and  inferior  kinds  of  oats  are  extensively  bought 
by  seedsmen  to  adulterate  the  heavy  and  prized  sorts. 

The  celebrated  "  Probstei  rye "  is  annually  produced  to  the 
extent  of  2,800  to  3,400  bushels ;  but  the  amount  ostensibly  dis- 
posed of  in  the  seed  trade  is  hundreds  of  thousands  of  bushels. 

Dr.  Nobbe,  Director  of  the  Tharand  Experiment  Station,  reports 
finding  in  a  sample  of  tall  meadow  fescue  grass  (Festuca  elatior) 
70  per  cent,  of  adulteration ;  and  two  samples  of  so-called  "grass 
seed,"  having  all  the  external  appearance  of  a  good  article,  were 
found  to  consist  of  grass  flowers  only,  without  a  ripe  seed  of  any 
sort. 

The  climax  of  this  kind  of  ingenious  villainy  appears  to  have 
been  reached  in  Hamburg,  where  there  recently  existed  a  manu- 
factory of  counterfeit  clover  seed,  which  was  made  from  quartz 
sand,  and  with  such  skill  as  to  deceive  experienced  judges,  who 
have  pronounced  samples  containing  25  per  cent,  of  these  quartz 
grains  to  be  pure  red  clover  seed. 

In  a  sample  of  Timothy  seed  which  had  the  appearance  of  being 
very  pure,  Dr.  Nobbe  found  about  7  per  cent,  of  foreign  seeds,  in 
which  he  identified  31  different  kinds,  mostly  weeds  and  inferior 
grasses;  and  he  calculated  that  upon  a  Saxon  acre  (=1.37  Eng. 
acres)  no  less  than  1,700,000  of  these  foreign  seeds  would  be  sown, 
or  24  upon  every  square  foot,  by  using  the  customary  quantity  of 
this  pure  Timothy  seed. 

Dr.  Nobbe  examined,  during  the  first  four  years  since  the 
Tharand  Experiment  Station  has  given  this  matter  attention,  some 
1,700  samples  of  seed.  He  determines  not  only  the  extent  of 
adulteration  with  foreign  seeds  and  mixtures,  but  he  also  ascer- 
tains, by  careful  sprouting  trials,  what  percentage  of  the  genuine 
seed  is  alive  and  capable  of  producing  vigorous  plants. 

Dr.  Nobbe  has,  by  very  numerous  and  laborious  experiments 
upon  seeds  procured  from  various  localities  and  climates,  deter- 
mined what  must  be  regarded  as  the  average  per  cent,  of  good 
seed  that  will  sprout  and  grow,  in  a  number  of  various  kinds, 
when  genuine.  His  experience  shows  that  unadulterated  white 
clover  seed  of  which  66  per  cent,  will  germinate  is  of  average 
quality;  flaxseed  of  which  but  one-half  will  sprout  is  poor;  while 
dill  seed  of  which  10  per  cent,  comes  up  is  excellent. 
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Dr.  Nobbe's  experiments  show  further  that  very  many  genuine 
commercial  seeds  are  of  inferior  quality,  yielding  much  less  than 
the  proper  average  of  plants,  probably  from  admixture  with  the 
fresh  stock,  of  old  seed  whose  vitality  is  impaired  or  destroyed. 

The  many  complaints  that  are  made  of  the  poor  quality  of  the 
seeds  sent  out  by  the  Agricultural  Department  at  Washington 
are  in  large  degree  explained  by  these  revelations  of  the  state  of 
the  trade  in  Europe. 

It  is  but  six  or  seven  years  since  Dr.  Nobbe  first  called  public 
attention  to  this  subject.  He  has  begun  the  publication  of  a  book 
containing  full  descriptions  and  figures  of  all  the  useful  and  hurt- 
ful seeds  that  occur  in  commerce ;  and  already  at  some  twenty 
Experiment  Stations  farmers  are  able  to  get  trustworthy  exami- 
nations of  seeds  as  to  purity  and  vitality,  and  at  a  trifling  cost. 

To  say  that  the  farmers  of  Connecticut  and  of  our  entire  country 
urgently  need  the  aid  and  stimulus  of  the  Experiment  Stations,  is 
to  make  a  most  evident  assertion.  Our  Agricultural  Colleges 
have  but  few  agricultural  students.  The  Agricultural  Course  of 
Instruction  in  this  School  is  a  supply  that  meets  little  demand. 
The  reason  lies  mainly  in  the  fact  that  our  intellectual  activity 
has  the  habit  of  running  in  other  than  agricultural  channels.  To 
bring  our  farmers  in  direct  and  profitable  contact  with  the  results 
of  science,  to  bring  science  into  active  and  visible  cooperation 
with  the  toils  and  plans  of  the  farm,  would  redound  to  the  emi- 
nent advantage  of  both.  The  Experiment  Station,  I  cannot 
doubt,  is  to  be  this  point  of  contact,  the  focus  of  this  cooperation. 

Samuel  W.  Johnson. 


